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The present invention relates to a distributee computer system and relates particularly, but not ^/ 
exclusively, to a multimedia Distributed cbject-based conference system. * , 

The object-based aporoach to system development »s becoming well-established. The basic idea is to 
program the system in terms of software objects, each having its own data and methods for operating on 
5 the aata. Objects intercommunicate by means of messages. An advantage m encapsulating data and 
metnods m tms way is that the resulting system .s relatively easy to maintain and develop. An example is 
NewWave Mail (produced and sold by Hewlett-Packard) which is an object-based electronic mail applica- 
tions program m which messages anc message components, such as text, distribution lists, etc. are treated 
as coiects. 

An object can be regarded as a discrete entity wmch can individually be moved, copied, destroyed, etc. 
An object is initially some data stored on disc or other medium If object management software w (S nes to 
pass a message to it. one or more processes w.n be treated wn.ch read the data as part of initialization, if 
an object >s fully defined by its data and has no processes associated with .t. it is said to be "inactive" if an 
object has one or more processes associated w.tn >t and >« defined by the state of that process or 
■ s processes and data then it is said to be "active". 

A distributed object based system <s one .n which several workstations are interconnected over a 
network and messages between objects of the system can be sent over the network. Objects themselves 
may also be transm )S sibie over the network. A network may compr.se several interconnected intelligent 
workstations or a central computer connected to several terminals 'workstations) or several interconnected 
20 server machines w.th intelligent workstations connected to each server, or a mixture of these possibilities. 
The term "workstation" is intended to be applicable to ail of these possibilities. 

in a distr.outed object based system there are benefits m splitting sharabie semantic and presentation 
parts so as to enable more than one user to access the semantic part of a shared object. For example, m 
the context of a distributed conferencing system a wmteboard object would have a semantic part defining 
the state of the object and a presentation pan for defining the appearance of the object to be displayed to a 
user and for enabling the user to make input. Several users may have access to a presentation part for 
v.ew.ng the wh.tedoard object so that they can each mane contributions in a manner similar to a group of 
people clustered around a real whiteboard. 

The workstations may be arranged m a client-server arrangement with semantic object parts stored on 
3c server machmes and presentation object parts stored on client machines. Alternatively, semantic object 
parts may be distributed around user machines on a network of intelligent workstations. 

According to the present invention we provide an object based distributed computer system comprising 
a network of workstations and means for transmitting objects between workstations characterized by objects 
including a first object type for storing data and a second object type for presenting data to a user, wherein 
35 objects of the second type reference an associated object of the first type to enable a plurality of users of 
workstations to access data of the object of the first type, compr.s.ng means for transmitting an object of 
the second type between workstations thereby to create a reference to the associated object of the first 
^ type for each workstation receiving an object of the second type. 

The present invention provides an effective way of enabling further users to have access to a semantic 
-o object part, either for the purpose of autonomous working or for the purpose of participating .n a joint 
activity. 

in the embodiment to be described, the system comprises means for copying an object of the second 
type between workstations. In that embodiment transmuted objects of the second type include an identifier 
for the associated object of the first type. 

The system according to the present invention may be m the form of a conferencing system comprising 
means enabling users of the workstations to participate m a meeting over the network wherein objects of 
the first type store meeting data and objects of the second type are for presenting meeting data. The 
invention also provides a method of convening a meeting using such a system comprising transmitting an 
object of the second type between workstations thereby to create a reference to the associated object of 
so the first type for each workstation receiving an object of the second type. 

It is believed that poor communications are a major cause of the poor performance of distributed teams 
of people working on a given project. The present .nvention aovantageously provides an .mproved 
conference system for facilitating distributed meetings. 

A particular embodiment of the present invention will now be described, by way of example, with 
55 reference to the accompanying drawings in which- 

Figure 1 is a diagram of a distributed system according to the present invention: 
^gure 2 shows the major components of a server and workstation of the system: 
Figure 3 shows a voice and data network structure: 
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windows. 

A possible video network is shown in Figure 5 The v.-ieo network .s based on a central video switch 54 
connected using a star topology to client workstations C Video signals are modulated on to VHF earners 
ana transmitted over standard analogue cabling 56. The -/ideo switcn 54 is a conventional cable television 
switch. Several sucn switches can be cascaced m a bar arrangement for large systems. 

For long distance video communications, a device 58 for compressing and decompressing vioeo 
signals (a "cooec"* may be used and the signals are transmitted using ISDN teiepnene lines. 

The architecture of ;he obiect-based system 10 will now be described. 

With reference to Figure 6. tne structure of one user's portion of the system is represented. The 
functions of me objects are as follows: 

a Venue object <V) >s an electrons meeting place allowing control over media channels and providing a 
location for storing shared objects. A user may have several Venue objects: 

a Phone Boom object (PB> controls the creation of Venue objects and oversees the setting up. 
maintenance ana dosing down of conferences. The PB comprises a processor for handling incoming and 
outgoing calls: 

a Connection Manager object fCMi controls driver components ... D n ) which handle media 
connections for the system 10: 

a Directory object (D> which provides a list of potential meeting participants. 

Object X represents another system object for performing a specific meeting-related function, eg. a 
whiteboard function. 

Figure 6 is a conceotual representation of the system 10 and the arrows represent inter -object 
communication. In the embodiment being described, the system comprises client workstations C and 
servers S ana most of the objects referred to m Figure 6 are functionally-split into a server component and 
one or more client components as indicated in Figure 7 

The server objects handle the centralized and distribution • oriented aspects whereas the client objects 
handle the presentation aspects. Hence shared applications can be written with one server object connected 
to a plurality of client objects on different client workstations 

In Figure 7. PB-s means a Phone Booth server object and PB-c means a Phone Booth client object, 
and so on. 

in this embodiment, the client objects are implemented as NewWave objects ie. several new classes of 
NewWave objects have been added: Venue objects. ROAM objects. Whiteboard objects. Phone Booth 
objects. Thus the semantic part of these functionally split objects runs cn an HP-UX server and the user 
interface runs on MS-DOS NewWave client workstations 

The client workstations are each running an object-based system of the type described m European 
Patent Application No339220A. the description of which is incorporated herein as Appendix A. Appendices 
A-o mentioned m attached' Appendix A are not attached as part of this application but are incorporated 
herein by reference. Appendix A describes how objects are linked together by parent-child links and how 
a objects can be copied. During a copy operation, the container of the ooject to be copied sends a message 
to the OMF28 asking the OMF28 to copy the relevant object and identifying the container object which is to 
receive the copy object. 

The OMF28 performs the copy function and then sends a message to the target container object 
instructing it to insert the copy ooject as one of us child objects. 

Mailing an object involves serialising the object, transmitting it to its destination and deserialising it. 
Serialising an object involves converting it to files, say DOS files, containing the data of the obiect and 
information about its properties and its child objects. 

Server objects are not linked by parent-child links in the manner m which client objects are so linked. 
All client objects contain a reference to their associated server object. Figure 3 shows the form of aata item 
60 used to name objects. The data item 60 is an eight-byte array following the convention used for internet 
Protocol (IP) addresses. The first 64 bits is a machine identifier M I D comprising a 32 bit server IP address 
ana a 32 bit machine IP address. For a server object the server IP address and the machine IP aodress will 
be the same whereas for a client object these will be different, if there is only one domain per machine, the 
domain identifier 0 1.0 is zero. The object identifier 0 I 0 comprises a 32 bit generation count and a 16 bit 
tag. The 16 bit tag uniquely identifies the object within the relevant storage domain. Since tags are reusable 
when an object is deleted a generation count is used to ensure that each object is uniquely-named m time. 
The generation count is simply the time m seconds. 

When a client object is closed (inactive) .t appears as an icon on a user's screen. The user opens the 
object by clicking on the icon. Opening a client object causes it to sena a message to us associateo server 
object informing the server obiect that the client object is now active i.e a Here Am I message. Until then. 
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figure shews video facilities for a client workstation. 
Figure 5 shows a video network structure: 
figure 5 illustrates ;he mam objects m the system 

Figure 7 Hiustrates the functionally split nature of :ne oo,ec!s .n the system 
s Figure 8 shows the major components of the system infrastructure: 
Figure 9 shows a typical Venue: 
Figure i0 shows a CoMedian directory: 

F. gu res 1 1 - 14 illustrate message sequences for system operations: 
Figures 15-27 show screens during a typical u c er -p«c, on 

Ji^sssa m """ mM,a '° ,e ' c " Msec ' ««« » « 

nprwnrk i? ma „ a h -/-i-m iu comprises servers S connected over a network 12 The 

network 12 may be a wide area network (WAN) or s i C r a i arpa nm^u /t am 

C,.« _„ s c „ „ ^ ^™ '^M ™ 

Servers S communicate with each other bv opening virtual .-,rn..t« K flt - , «Mu»re5 a server :>. 

enncoie cl»P,if wmk<- a t,««e r ^ ^">ng ^rtuai ..ircuits between pairs of servers Although m 

pnnu.pie. client workstations C could communicate njre*:iv with Parh ,* « - . 

and therefore each cN.ru workstation C has on, y one tr.ua, cn one. pen ^^^^2: 
• cent workstations to ccmmun.ca.e with each other v.* servers S 
Referring to Figure 2. each server S comprises: 

hardware 14. such as an HP9000 300 HP-UX ",mn..ror ,mo e , . 
Company): --"Wer (HP , s a trade mark of Hewlett Packard 

operating system software 16. such as HP-UX software: 

Remote Obiect Access Manager (ROAM) software ift f«r 

» worsen. C connected to the server S and o^v" on t^nZT 9 C ° mm " S C " e * 

COM software 20 providing object management facilities: 

server ooiects 2i which are obiects to be share<- tetwMn „ u ,c ^ 

- . anarec cei/veen useis and which correspond 'o the semamir 

oo.iect parts mentioned in the introduction. semantic 

Each client workstation C comprises: 

30 hardware 22. such as an IBM-AT compatible PC: 

operating system software 24. such as DOS software 

windowing software 26. such as MS Windows applications softwarP- 

an ob.ee. management facility (OMF. 28. such as a Standard NewWave OMF (Newwave is a trade 
mark of Hewlett-Packard Company used for a fam,.y of appl.cat.ons software,- * 

' 5 for n a ?r S ° ,,VVare 30 SUCh 35 NeVVWaVe ° b,eC,S 3nd 5Pec,a "'- ed cU ™ <*■•«. 32 and a ROAM ob.ee. 34 
for nandhng commumcat.on w.,h ob.ects on other computers. The client ob,ec«s 32 correspond I fc the 
presentation obiect parts mentioned m the .ntroduct.cn corre.pcnd to the 

- h Jun,^ ° f 3 t C " em <V ° rkSta,ion C ,here,ore has a -"Coweo user interface w.th.n wh.ch , 0 man.puiate 
o feZ s 6 SVS,em Ca " CaUS8 ° b ' eC:S tC °* *• ^'-ork , 2 via the assooated • 

w J h ' ,y,,e "J 10 0fOvideS ™'"™<* a '«.l..ies to use-s. For example, each cent works.at.on C may have 
voice ano cr ,deo commun.cat.on fac.lit.es as well as data commun.cat.on fac.ht.es 

A possible vo.ee ano da.a network structure 40 , s shown ,n Figure 3. In each of two s.tes oes.gna.ed A 
and B. a networked PC server 42 .s connected to the local PABX. The PC server 42 concern, one o, Ze 

PABX * ,T?h'TS C3 ' dS <SUCh " * he V8X - 30 ° Card ™* M.crosys«ems!nc i T* 

PABX ,s controlled by the PC server 42 and users can use the, ex.st.ng standard desk telephones 44 wh,ch 
are connected to the local PABX and conveniently located near the.r client works.a..ons C 
^Each of the sites A and B compnie. a LAN and a LAN WAN bridge .nterconnec.mg the LAN w.th a 

' tP ,Jhon Se '"f PC SerV6f 42 reCe ' VeS comman<3£ servers S to set up. mamtam and close down 
eiephone conference calls. To the PABX. the PC server 42 appears as a norma, telephone user "d can 
therefore dial other users adding them ,n to conference calls us.ng OTMF 

in oroer to conduct conferences over a w.der area. PC servers 42a and 4 2b on respective *.te* A and B 
TZ^T" ^ ™«* « PS ™> *" « ™ '°«< users 

Referring t0 F.gure 4 each ,:ient workstat.on C ,v„h „deo faci.t.es has a v.deo camera 46. two or more 
TV receivers 48 a ^'crophone 50. a preamplifier 5 1 and a VHF modulator 52 

Furthermore, the client workstations C may be fitted w.th video cards to enable a user to view v.aeo ,n 
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Button Appearance 


Meaning 


No button 

White, unhighlighted 
eiack 

Red 


This person does not have this meaia channel available. 

The media channel is available, but not chosen for use. 

The media cnannel has been selected. Cut is inactive because the person 

is not present m the Venue or the connection has not been completed yet. 

The media channel >s being used. 



The lower poaiGn of the Venue is taken up by the shared object area 73. This acts as a snared foiaer. 
storing objects on the server and making them accessible to all users of the Venue, inactive objects are 
represented by an icon such as icon 38 m Figure 10. Objects m the shared object area 78 may oe client 
objects e.g. Whiteboard client oojects. or may be standard NewWave objects, it ■« possible to move objects 
into and out of the snared obiect area 73 of the Venue-chent object Moving a functionally-split ooject such 
as a Whiteboard object into the shared object aiea 78 does not entail moving the Whiteboard-server object 
but just the Whiteboard-chem object. The OMF28 instructs the Venue client object to insert the Whiteboard- 
client object as one of its children. The Whiteboard-cdent object is then serialised by the Venue-ctient 
object ana sent to the Venue-server object. The Venue-server object updates its other active Venue-diem 
object with me news that a new Whiteboard object is available m the Venue and these Venue-client objects 
disclay the Whiteboard-client object icon in their snared object areas 78 accordingly. The Whiteboard- 
server object remains on whatever server it was initially stored. Subsequent opening of the Whiteboard 
object by any of the users cf the Venue cause a copy of the Whiteboard-client object to be senaiised by 
the Venue-server and sent to the relevant client-workstation where it is deserialised providing access to the 
contents of the Wmteboard object for that user. When that user subsequently closes (deactivates) the 
Whiteboard object, the copy of the Whiteboard-client obiect remains on that machine for subsequent use. 

In contrast, if a NewWave object icon is moved into the shared object area 78 of a Venue-client object, 
this causes the NewWave object to be serialised and sent from the client workstation to the server machine 
which stores the relevant Venue-server object. The Venue-server object then instructs its other active 
Venue-client objects to display the relevant NewWave object icon. Subsequent opening of tne Newwave 
oDject by a user of such an active Venue-client object causes a copy of the NewWave object to be made 
ana sent to the relevant client workstation. Each such user thus obtains a separate copy of the NewWave 
object and changes which a user makes are not reflected in the copies held on the other users' machines. 
This is a consequence of the non-functionaily split nature of NewWave oojects and »s an implementational 
feature rather than one which is important to the present invention. 

There is one Phone Bootn server object on every server machine and one Phone Booth client object on 
every client workstation. The Phone Booth client object arranges for the creation and activation of Venue 
client objects on client workstations and the Phone Booth server object manages the creation of Venue 
server objects and the convening of Venues. On opening a Phone Booth client object the user is presented 
with a directory 90 of oossibie meeting participants as shown m Figure 1 1 The directory 90 comprises a list 
92 of potential participants, an area 94 for displaying a picture of a participant, a media selection area 96 
and an options area 98 displaying three options: Convene Select and Cancel. Unavailable media options 
are greyed out in the area 96. 

When a name is selected by choosing the Select option and then selecting a name from the directory 
90. a picture of that participant apoears in the area 94 as shown. The media connections are selectable by 
checking the relevant boxes in the media selection area 96. Checking the box beside the name of the 
person in the area 94 ados that person to the list of Venue participants. In addition, the initials of the media 
options chosen (Phone. Video. Data) appear against the participant's name m the list 92. A previously 
selected participant can be de-selected by de-checkmg the box beside the name of that person m the area 
94 Taking the Cancel option means that none of the changes made since the window for the directory 90 
was brought up will be implemented. The Convene option win be described later. 

There is also a Connection Manager object on each server machine providing the facility to interconnect 
users using different mecia. The Connection Manager obiect handles the generic operations involved m 
establishing non-data interconnections. Drivers for each medium available, eg. video, telephone, handle the 
specific operations involved m carrying out switching requests ounng use. The Connection Manager obiect 
performs the following services: 

maintains a list of media resources available m the system: 

• detects wnen resources fail 

• monitors resource channel availability f;e. monitors, microphones, speakers, cameras): 
sets up connections oetween peopie using different meoia: 
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the server oo,ec: <s unaware of the existence of me d-ent ob,ect in oth* words i.„k< h*. 

server ob.ects are ncn- C er Sl s,en, ana w .... th. e ,,stence of a server X. does ZT ^ "* 

5 ™ - °- ano can make ,n Put t0 ,J The ^^iST^ 

Figure 9 depicts the components involved m a t VD ,cai acive c», UB , nhlll « 
ci-en, objects on two different chen, workstation* C an, C Eacn 4 7 " 35500:3,63 W,,n 

~^ — nents .dent.fymg the ^cj££, e ^ ^ !aem, '' er 

o number for me particular ob,ect. On the client *,r< e , hB - V c tPm ha l T k * 9 ° a '° and a 

for .eeoing a record of wha oto^f are 0 e T T 0b * a ma ° s <*'™<" 'OMF) 60 

-n ot>,eci :rea„on and de.et.on ob e "c naZo l, e <- 'T C " en ' "° rkSta " 0n ^ ^ ' s '"*<*«* 
rout-ng. Th.s ,s a stancard NewWa e 0MF TlT™"™"™ '^'^ — Q * 

s:at,caiiy 'inked to each client obier, CO 1 " b,ea manager library 'C0MU8-O 61 

■ other words, the cSUu i 3 ™i ^Tb2,S2 « J"" T '° nC,,0na,,,y °' 3 R ° AM c!ient ' C ' ect 62 
« U n«on.„ y sp„t ob.ects Col " C a o hr 0 gh ,h"£C S *c T* '° ^ C " em °°' eC,S '» 

need to .now the ob.ec, .dent.fiers of other oo^s , o't h*! foci on" ^ ° b ' eC1S ^ 

me n ^^ a ™ ™zzic ,ac:,y '' com - s) 63 ^ "* 

6, A server ob,ec, manager h£7££X 6 ^. 

access to the funconaMy of the ob.ect management f^ ^ 50 «*"» 

c J^S^ ~ ~ ^— ™^0. the KOAM 

* .w ^ -cm oeiween oojects on the same server the COMLifl-<; r<; e^„^ ^ 
involvmq the ROAM c Prver obie - r fifi Mflceartfle , e ine UUM UB-S 55 sends it directly without 

The functionality of certa.n ob,ects m the system w.il now be described The term vi„-„- „ * 
this spec.fication to denote a select.on made by the u « w of a LrL,, ,nn « " & * USe ° 

between two people build uo as e» n( »rr^ 3 ,o k,„ - meetmg to start off as a simple phone call 

-ll ^ma P p ar So P a a nI m n e a a p VenUe a ' S ° ,ayed *** * ^ "'^ * ac » C3f ^'P^t be.ng represented by a 

«- rrrci^r mM,a ^ 86 * — « «« «- ««. 
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workstation B to the Phone eootn server object PB-s. if me invitation is accepted a Create Venue message 
(referenced 6) is sent from the Phone Booth serve, obiect PB-s to the Phone Booth client obiect PC-c 
which causes >t to create a new Venue client ob,ect v-c on client workstation 8 involving sending a Here Is 
Parent message (referenced 7) to the new Venue • client ct-iec: V-c' to notify it of the identity of the Venue 
5 server object v-s. The new Venue client obiect V-c then sends a message (referenced 8) to the Venue 
server ooiect V-s requesting information about me contents of tne Venue. The reply from the Venue server 
cbiect v-s is referenced 9 in Figure t3. 

Messages corresponding to those referenced 6-9 are sent between the server S and client workstation 
A so as aiso to create a new Venue-chent obiect v-c on that workstation and these message" are 
referenced 10-13 in Figu.-e 13. 

Finally, the Venue server obiect V-s sends a request deferences ui to the Connection Manager obiect 
CM to set up the chosen media connections and the Connection Manager obiect instructs the relevant 
media drivers accordingly (dotted line referenced i5i. 

The users of client workstations A ana B can then communicate using the newly created Venue 
•s it is also possible to convene an existing Venue by selecting the Convene opt.on within the Venue 
This initiates a sequence of events wh.cn w.n be described with reference to Figure 14. Agam. a server 
machine S and two client workstations A and 8 are represented. 

The user selection of the Convene option ,s referenced i m F,gure 14. Th.s causes the- Venue client 
obiect V-c to send a Convene Request message (referenced 2) to the Venue server obiect v-s which 
jo notifies the Phone Booth server ob,ect PB-s of the convene request in a message referenced 3 wh.cn 
identifies the intended meeting pan.c.pants. The Phone Booth server obiect PB-s sends a Ring me«age 
(referenced 4) to the Phone Booth client objects PB-c on the workstations of the intended meeting - 
participants causing a dialogue box to be displayed on these workstations mv.t.ng the users to partake in a 
meeting. When these users accept or decline the invitation th,s causes a reply message (referenced 5) to 
m be sent from each Phone booth client object PB-c' to the Phone Booth server object PB-s. 

The next step is for the Phone Booth server object PB-s to .nstruct (message referenced 6i tn» Phone 
Booth client obiects PB-c r to create new Venue client obiects V-c on machines where a Venue client ob,ect 
linked to the Venue server object V-s is not already stored. Such new Venue client objects V-c' then send a 
message (referenced 8) to the Venue server obiect v-s requesting .nfo.mat.on about the contents of the 
Venue so that the appropr.ate -cons can be displayed .n the shared area 78 of Figure tO on the respect.ve 
cl.ent workstations. The reply message containing' information aoout the contents of the Venue from the 
Venue server obiect V-s is referenced 9 m Figure t3. 

The Venue server obiect V-s then sends a request .referenced 10) to the Connection Manager object 
CM to set uo the chosen media connections and the Connection Manager object instructs the relevant 
media drivers (not shown, accordingly (dotted line referenced in. The distr.buted meeting can then 
proceed. 

A user can also set up a new Venue by selecting a Create a New menu option in NewWave Office 
(F.gures 14-17 of Apoendix A). On opening the new Venue-chent object a Venue-server object also needs to 
be created. F,g U re 1 5 depicts the process. A server machine is .ndicated by S and a client workstation Oy 

The act of opening the new Venue-client obiect v-c causes it to send a message (referenced U to the 
Phone Booth client obiect PB-c which tnggers a message (referenced 2) to be sent from the Phone 8ooth 
cl.ent obiect PB-c to the Phone Booth server obiect PB-s requesting creation of a new Venue server obiect 
V-s. The Phone Booth server object PB-s creates a new Venue server object V-s using a Venue Start 
45 message (referenced 3>. Next the new Venue-server obiect v-s sends a Here Is Parent message 
(referenced 4) to the Venue-client object V-c containing the 10 of the Venue-server object. The new Venue 
client obiect V-c then sends a message (referenced Si to the Venue server object V-s requesting 
information about the contents of the Venue and there >s a corresponding reply (referenced 6) from the 
Venue server obiect. 

so it .s possible to adc new meeting participants to an active Venue by selecting an Add New Member 
menu ootion. This causes a directory of potential participants to be displayed as shown in Figure 1 1 to 
enable the selection of one or more further participants and associated media connections. Information on 
these choices .s conveyed from the Venue client obiect to the Venue server object which updates the 
control panels of the relevant Venue client objects. Chosen new meeting participants are not aware of any 

ss change until someone convenes a meeting. 

When a user elects to close a Venue by selecting a CLOSE option th.s causes a message to be sent 
from the relevant Venue-client object to its Venue-server obiect informing the Venue-server object that the 
Venue-chent object is deactivating. The Venue-server obiect then messages the Connection Manager object 
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* P0int-tO*point 

- muiti-pomt: all that are available 

mi.ma.ns I.St ol estabhshed connects and ensures synchren.Ml.on *,.» other networks , e m 5 ,n,a.ns 

a model or the state of other networks. maimains 

optimizes switching to prevent unnecessary disconnect -connect transacts: 
orovices an interface for monitoring ana auditing; 
provioes interface to mecia drivers. 

Another functionally so.il ob.ect which , s prided .n ,h, s system !S m e vvh.tebcard A Wh„eooard ob.ect 
'ame wn? Z * Qu,re " ,mi ' e *™*< *»™ ™ "out be v.s.bie to other use 7ZTo n e 

F.g U re 12 snows an example of the abearance of a Wh.teboard cl.en, object ThP Wh.teboard . s be.no 
v.ewed m a window 100 havmq a title bar 10? ann a m=„ , n , „ vvn.teooaro <s being 

, ,0 a , SP , av ,„ 9 *. L, s r ;;„,«::;; 06 m 

are ava.iabie to the user of me Whiteboard. These tools comprise. ' 



a scroller 
a pointer 

a selection of different coloured pens 
an eraser 
a text selector 



MO 
1 12 

1 14 

116 
1 18 



Apart from the po.nter n 2 . the tools are personal to a user ,e each of the users view.no the same 

: i::r ,he same ,o °' *° a red pen - — » - - - - ™ 

The scroller no can be used to scroll the entire window .00 around the Wh.teboard Seiect.no th.c tool 
^ the cursor .nto a compass enabl.ng the .„ew of the Wh.teboard to be c.-c.-dragged arlV by me 

Only one user can move the po.nter 1 ,2 at a t.me. A user takes control of the po.n.er by ci.ck.ng on the 
po.nter logo - th.s turns the cursor into a po.nter At th., t.me. the other users viewing the Wh tebolrd 
anno, see the pcnter , , 2 . To show the po.nter , 12. the user needs .0 cck „ down a, a hosl pomt n 
me drawing area .06. The pointer .,2 then becomes v.s.b.e to all of the Wh.teboard useVat hat rho en 
posmon. The cursor of the user who has just ,n 0 ved me pQliner , , 2 averts to the defau^ Irrow 

■oao T.IZn^^ C ° lGUrefl PenS Se ' eCtable and ^e*'™* °V Cckmg on the appropriate pen 
•ogo. enaoimg different users to make input .n different colours 

The eraser n 6 .s selectable to remove marks on the Wh.teboard. Also, direct typing of ten onto the 
Wmteooard can be done by selecting the text selector . is 

,st vin a u r ,em accord,ng to the ° resen ' - - - ~ 9 

Once a user selects parfcpants and media as descr.bed w„h reference to Figure n and selects the 

and me 'Z™" °' T " ' ni " a,ed t0 3 Venue ^ ^ ' 3 ^ ^ « 

ano the numbered sequence of messages. Figure 13 dep.cts a server mach.ne S and two c.iem 

Phone Booth chent object PB-c. On the server mach.ne S there ., m.t.aiiy a Ph0 ne Booth <erver ob.ec. PB-s 
and a Connection Manager object CM. 1 

On se.ec.ng the Convene opnon us.ng client workstat.cn A. wh.ch causes an ,np ut (dotted i.ne 
Referenced „ to the Phone Booth Cent ob,ec« PB-c. a message .referenced 2) ,s sen, from me Phone 
Booth ch .n, ob,ec, PB-c to the Phone Booth server ob.ect PB-s on the server mach.ne S caus.ng he Phone 
Booth server ob,ect to create a new Venue server object v-s usmg a Venue Start message f enced 3, 
Th. Phon. Booth server ob,ec. PB-s then sends a Ring message .referenced 4, , 0 the Phone Boom e'en 
•*,ect PB-c on chent workstat.on 8 causing a d.alogue box to appear on the screen of cl.en, w 0 rk S tat.on B 
■nv.t.ng the user to take par, ,n the proposed meet.ng That user accepts o, declines the inv„at,on ™ ng a 
-orresoonoing o-.essage (referenced 5. to be sent from the Phone Booth Cent ob.ee, p£" on c em 
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To "open" an obiect. the user double cl.cks on :ne <<?ievant icon Referring to Figure 17 Martin has 
ooened the Proieci Meeting Venue which .« shown m a wmoow 1 74. The w.noow 1 74 has a menu bar 1 76 
wmch has similar options to the menu bar 130 of the wmoow 126 except a Meeting ootion instead of tne 
Setting option The window 174 j.splays a participants area 178. shewing only Martin, and a snared items 

5 area 180 wn.cn * empty. Underneath a bit map 182 of Martin is a name bar 184 wh.cr. includes a 
notification of presence and three media control buttons 185-7 for Phone. Video and Data respectively Only 
the Data button 187 >s highlighted m this example, ie. blacked out m Figure 17 

On selecting the Meeting option from the menu oar 176 of the window 1 74. a CoMedian directory 
wmaow 190 appears. Figure 18. The reference numerals for the CoMedian directory wh.ch were u «ed m 

:o F.gure 11 will be retained here. Mart.n selects the name Richard Jennings from the list 92 of potential 
part.c.pants causing a picture of fl.chard to ape-ear -n the area 94 together w.th crosses m the v.oeo and 
cata boxes m the area 96 to indicate Richard's media selections. This means that Richard will he contacted 
through :ne system for data sharing with both video and audio travelling over v.deo connections Mart.n then 
cucks on the Convene button in the options area 98 to add Richard to the Venue wh.ch causes Richard's 

is .mage to ,om Martin's .mage m the Venue as shown at 192 m F.gure 19. Richard is marked as absent at 
194 ano a banner 196 .s displayed indicating that he has been invited Martin has selected both video and 
data connections for himself m order to match what was seiecteo (or fl.chard. This causes the video and 
data buttons 186 and 187 to be highlighted .n a first colour to show that they are currently in use albeit only 
locally to Mart.n * own workstation. Richard's v.deo and data media buttons 186a and 187a are highi.ghted 
20 m a second colour to indicate that they have been requested out are not yet m use. 

While waiting for Richard to join the Venue. Martin ,s moving the Des.gn Notes and Design Principles 
obiects 170 and 1 72 into the shared .terns a>ea 18O of the Venue by clicking on each obiect and dragg.nq it 
to the area 18O. 

Moving now to Richard's workstation shown ,n F.gure 20. the invitation to join the Venue has reached 
.>5 his machine and has caused a bell 200 to apoear at the bottom of h.s screen. The bell 200 .s flashing and 
making a ringing sound to attract h.s attention, fl.chard clicks on the bell 200 and the result is shown m 
Figure 21. An mv.tation message box 202 is brought up telling R.cha-d that he has been invited to a 
meetmg and giving the name of the meeting and the name of the person who conveneo the meeting. The 
invitation message box 202 comprises two options: Accept and Decline. Richard clicks on the Accept option 
jo to accept the invitation to |Oin the meeting. 

Referring to Figure 22 accepting the invitation causes a Venue client obiect automatically to be created 
and a window 204 to be opened for Richard. The chosen media connections have been set up so that 
Richard can now see and hear Mart.n and the objects that Martin has placed into the shared items area 180 
are available to him. F.gure 23 shows that Martin can see the same Venue having the same contents on his 
s workstation. Refernng to Figure 24. during the meeting. Martin has opened a w.ndow 206 on the Design 
Notes whiteboard obiect. Martin informs Richard of this so that Richard can also view the whiteboard obiect 
and then both Martin and Richard can scribble on the whiteboard and v.ew each others input. When their 
% meeting .s finished both Martin and Richard close and save the Venue. 

F.gure 25 shows the Venue obiect 163 saved m Richard's NewWave office, in Figure 26. Richard has 
*o iust opened h.s NewWave office and is viewing me Venue 168 m a window 208. Martin is not present 
(although he would be .f. coincdently. he had h,s Venue open at the same time as Richard. In that situation, 
the relevant media connections would automatically be set up». Referring to Figure 27. Richard has selected 
the Meeting menu .tern using the cursor 210 so as to bring up the CoMedian directory 212 and he has 
selected Ed Dav.es >n the manner previously described. Ed Oav.es does not have video capability, instead 
s he is selected by telephone. Clicking on the Select button w.n cause Ed to be added to the Venue w.thout 
beginning a Convene operation. 

Referring ;o Figure 28. Richard is about to m.t.ate a Convene operation by selecting the Action item 
from the menu bar 214 of the w.ndow 208. and selecting the Convene option from the corresponding menu 
216. Since Ed aoes not have video capabilities, the audio from his telephone would be mixed into the video 
o feed into Martin and Richard and the.r aud.o signals would be sent to Ed's telephone during their distnbuted 
meeting. 

Turn.ng now to Figure 29. a new sess.on ,s begmn.ng on Richard Jenning s workstation. A w.ndow 220 
contains Richard's NewWave Office, fl.chard has created an outgoing message represented by the icon 222 
caileo "Meeting Request" (using the "Create a New" option from the Action Menu - see Figures 14 to 17 of 
Aopendix A) in Figure 30. on opening the outgoing message 222 it is displayed m a window 224. Richard 
nas completed the distribution i.st 226 and written a cover note 228. 

Referring to Figure 31. a new Venue-chent objec: represented by the icon 230 is created (again using 
the "Create a New" option). The Venue-client object 230 is copied and oraggea into the window 224 
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o o.scor.r.ect the media connections -or tne Venue-Hen, oo,ec, -n.cn , s oeact.vatmg. The Venue-serve- 
Jbmx sencs messages to all of us o.her Venue-den, cb.ects mform.ng ,nem of tne deact.vat.rn of . h. 

ar„cu<ar Venue-cnen, ob.ec. so that these other Ven ue . C !,ent oo ( ec:s a.ter me.r appearance to .naca.e Z 
tne relevant meeting member is now absent. ncicate .nat 

s Anotner *ay of settmg up a distorted meeting , s for a user to cooy an ex.st.ng Venue-c.'ien, obiect to 
ven'r^l , me h et '7 p3r, ' apantS A Venue-cent cb,ect ,s a reference to a Venue-server ob.ect. Copy.ng a 
^oe-cen, ob.ec, to o.her workstations creates a reference to the relevant Venue-server ob,ec. on those 

^.'T, ' at,0n ? eCaUSe ^ C ° Py ' ng Pr ° CeSS the Venue "-'^' sect's reference to its Venue-server 

oujeCi 15 preserved. 

' - lllVJT em T* Wh ' Ch 3 Verue - Cll6n ' = ciect ««" * coced to other workstations. One way „ 

-es ace s ^a^ n tl en n " " e ' eCtr ° n,C For ,h ' s «*<»■ an elec — ™" 

"c! ^ ■ . c^eTn 7.1 mann6f 6 ' 9 ' US ' nS H * wle «- Packa '^ NewWave Ma., and a Venue-d.en, 

: o,ect .s -ncluded ,n the message using a standard copy operation. When the or each addressee recedes 

ZlTT^ e \ P ' aCe ^ VenUe ■ C " e^, ' n ,he ' r ' :0 " eC,,On " -' ectS P-P-t-on for the fo tnco^g 
■ me. ng. At the relevant „me. the meeting part.apants open the, Venue-c.ient ofc.ects to commence the 
meeting. On opening the Venue-Cent ob.ects. the,, 32 b„ machine ,P address , automat, a, y upda ed and 
>he Venue-cnen. obiects send a Here Am I message to the associated Venue-server obiect 
obJ^^T" ■" >0 l US V Sh,n9 t0 Set up a meeting » copy ,h 9 relevant Venue-c.ient 

-uch at 2 1 -T ! n V " ,u - C,i « n » *«•« <° a fi '« on f.oppy disc ,or other shared med.um 
ZniaL r„Ti *T I"" ' hen 06 ,r3nSD0r,ed " "«*™«" ° f th. .n.ended meeting 

41 ann ,^ oh ? ^ P, ° V ' d,n9 ,ach * theSe par,,C ' pams " 1(h a ^ « *" Venue-c.iem 

Sl« ^5. mwi or access,n9 the assoc,ated Venue — **» * » - « «* 

A new Wh.teboard-cl.en, ob,ect can also be created using the "Create A New" option ,n NewWave 
Otter On open.ng the Whiteboard-c.ien, od,ect a new Wh.tebcarc server ob,ect needs I be created The 
orocess „ analogous to ,hat descr.bed w.«h reference to Figure IS rep.ac.ng references to Venue object! 
with references to Whiteboard obiects. oujecis 

nJ, T u Wh ' ,eboard ° b ' ec: can 3150 te ««ted ms.de a Venue by select.ng ,h 9 - "Create a New" opt-on 
.nstfa the Venue. In th.s case, the Venue-clien, ob,ect au.omat.caiiy act-vates the new Wh.teboard-cl.en, 

^nTr^ST Creat '° n °' 3 Wh " e00ard SSfVer ° b,eCt ,a9an USm9 3 Pr ° cess ana, ° 90us 10 

m es Lp e c Sam ^, man T 35 3 Venue - C " ent ot5 ' ect r ' a " be and transm.tted ,n an electronic ma.i 

message or v,a floppy d.sc. a Whiteboard-cl-ent obiect can oe so unused. Again the advantage of creating a 

'ZZV: fe ' e T Wh ' ,eBOar<3 SerV6f ° b ' eCt *° r the reC ' P,en,S of ihe Wh.,eooard cnen, oTea 

is oba.ned s.nce each cooy of the Wh.teboard-c.ient obiect contains a reference to the Wh„eooard server 

object (as described with reference to Figure 8). 

v>n?V S P T° USly clescr,Ded - a Whi,eboard-cl.en, ob,ec, can be moved .nto the shared .terns area of a 
user, VSri ' 3 K $er CaUSi " 9 C0P ' eS ° f ' he Wh,,eboa ^^t object to be made available to the other 
users of the venue ob.ect thereby g.v.ng access to the asscc.atec Wh.teboard server ob,ect to these users * 

An exemplary user session w.il now be descnbed w.m reference to Figures 16 to 33 mvolvino 
nypothet.cal users Martin. Hichi and Ed. involving 

Figure 16 shows a screen of a client workstat.on (Martin's, runn.ng Hewlett Packard NewWave Software 

a window 126 has: 

a title bar 128 carrying the title "NewWave Office" 
a menu bar 130 offering the following options: 
Action. Edit. Obiects. View. Settings. Task and Help; 
a system menu box 132; 
size boxes 134 ana 1 36; 

a vertical scroll bar 138 with scroll arrows 140 and 142 and a scroll box 144- 
a honzontal scroll bar 146 with scroll arrows 143 and 150 and a scroll box 152 

PrntI he ,^ ,n . 00 T 126 c J S / ? lays IC0ns for some stan * a '* l °ois at the top: Waste Basket 154. Agent 156 
Pnmer 160. in Tray ,62. Out Tray 164. File Drawer 166. The ,cons 168. 170 and 172 respect.ve.y on the left 
nand side represent work-related items: 

'Project Meeting- a Venue-client ob,ect representing a reference to a Venue server obiect on the 
local server machine: 

"Des.gn Notes" a Wh.teboard-ci.ent ob,ect presenting a reference to a Wh.teboard server 

object on the local server machine: 
"(Design Pr.nc.ples" a NewWave document obiect fully ccnta.ned on the client workstation. 
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BrieT Description of the Drawings 
Figure 1 is a block diagram of a computer in accordance 

with the preferred embodiment of the present invention. 

Figures 2 and 2k show block diagrams whi ch i 1 lus t ra t e 

the relationship between objects, applications and data 

files in accordance with the preferred embodiment of the 

present invention. 

Figure 3 shows a plurality of objects linked in 

accordance with a preferred embodiment of the present 

invention . 
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d.spiay.ng the message. Th, s , s ach-evec by chck,ng on the -con 230 and press.ng the con.ro. kev 



' * rf " w vw " m» erring me centre 

dragging ,ne icon ,n.o the message. (Th.s . s an a.ter.nat.ve method from ,h e user persoen.ve to ;n e ccov 
procedure aescnoea »,th reference to F.gures 13-20 of Append a , The bar 232 .abe.ied Part 3 - n 

T\ I J^%T r ' CW COr ' ,a ' nS 3 C0Cy °' V8nu ^"-« otm. The message w.naow 

224 , s ,hen _,osea ,F,g U re 33) To send the message 222 :t can be dragged onto the Out Tray -con 234 
Th, s causes a copy of the message, ,nc.ud.ng the Venue-cnen object wn, C n conta.ns to be «en, t0 the 
oeope on : e cstnbu.on „ s! . The Out Tray cb.ect 234 ,„„.««•, ,he senai.sat.on of the message 

■ne m .Tray oo.ee, represented o y ,con 236 desenai.ses the message components so that tne«e -an oe 
v,ewed and m«,ou.«»o by the recants. The r*.p.e«w can drag the Venue-Cen, ob.e , ^ "cT the 

Z Z 2 v ' n,C ' f na ' n N6WWaV9 0ff ' Ce WnaCw 12201 At ,he •»"•• » " 

open ,he,r Ven ue -c: ie n, ob.ects to beg.n a debuted meet.ng. Dunng the mee„ng the 

shared oo.ects e.g. a Wh„eooa,d ob.ect. an 0 mocfy these .nteUve.y as we., as ,'e aennc^o^h" 
" rZZ 'Z CO r CUOn \ FQr 6:<amp,e - ' n ° U ' m «" by ™ <° * Wh!te rl lenfcb en 

?r<^. server -° b,ect * h,ch updates an - - ^ — - 

Qn,y Vsnue shared ob ' ects ™ Wh„eboard shared ob.ec.s are ava.iadie to a user ,n ,h, s 
emb d-menr ,« „ engaged that further poss.b.i.oes for shared ob,ec«s are a fax ojet *. ou^ 

:^£zz:2 to con,fo ' the e * te,nai - ch « a *** «™» «- -deo 

l. is engaged that a system according to the present i„vent, 0 n may no. en, ai . the use of ded-cat-d 
server machines but tha, server ob.ects could run on UMr wortsudon. g.ven a su.tabV n e * 

messaging infrastructure. U B ier c °i eci 
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Figure 72 shews a block diagrac of the organization of 
KP0MF.CA7, a systea file included i r. the OMF shown in Figure 
72. 

Figure 7 ^ shews the relation between a global parent 
and global objects in accordance with the preferred 
embcdinent of the present invention. 

Figure 75 is a block diagraa which shows how s y s t e a 
files within the OMF shown in Figure 72 accesses data files 
and applications froa a trecory shown in Figure 1. 

Figure ?6 is a block diagraa of the organization of the 
ce:ory s h : w r. in Figure 75- 

Figure 77 and Figure 73 show objects and links in 
accordance vi:h the preferred eabodicent of the present 
invention. 

Figure 79 is a block diagraa of the organization of 
HPOKF.XHF, a system file included in the OKF shown in Figure 

7 2 . 

Figure 80 shows a view specification record in 
accordance with the preferred embodiment of the present 

invention . 

Figure 8i shows the use of a snapshot in accordance 
with a preferred embodiment of the present invention. 

Figure 82 shows the data path of a view when there is 
no snapshot, in accordance with a preferred embodiment of 
the present invention. 
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Figure U shows a series of objects serving as folders, 
as parents of objects containing data, i r. accordance with a 
^reCerred embodiment of the present invention. 

Figure 5 illustrates the screen display which results 
'c 'rets linking of various objects in accordance with a 
preferred embodiment of the present invention. 

Figure 6 shows the linking of objects in order to 
create the screen display shown in Figure 5. 

Figure 7 shews how three objects caay be linked together 
2c 1 n accordance with a preferred embodiment of the present 
invention . 

Figure 8 and Figure 9 illustrate how an object may be 

copied in accordance with a preferred embodiment of the 

present ir.ver.ticn. 
JC Figure 10 and Figure M illustrate the copying of a 

public object in accordance to a preferred embodiment of the 

present invention. 

Figures 12 through Figure 71 show the appearance on a 

screen of a session in which a user manipulates objects in 
4Q accordance with a preferred embodiment of the present 

invention. Also shown are block diagrams, of how objects 

appearing to the user are linked in accordance to the 
J5 preferred embodiment of the present invention. 

Figure 72 is a block diagram of an Object Management 

Facility (0r!F) in accordance with the preferred embodiment 

of the present invention. 
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13, OMr 1 0 0 ir.forcs the application, which object the 
appiicatic-n should access for data. That object is then 
cor.siie.-e; to be active. An object is inactive when the 
application the object is associated with is not being run 
by cooputer 18, or when the application the object is 
associated with is being run, but is net being run with the 
data of that object. 

Active objects can coocunieate with each other using 
messages. For example if two instances of application 101 
are beir.g run by eosputer 12, one with the data of object 
202 and the other with the data of object 203, object 202 
and object 203 are bcth active. Therefore object 202 say 
send a message 211 to object 203- Similarly, if computer 18 
is running application 101 with the data of object 202, and 
is running application 1 C 6 with the data of object 20^, 
object 202 and object 207 are both active. Therefore, 
object 202 may send a message 212 to object 207. 

Messages, such as message 211 and 212 may be formatted 
to be sent and received by all types of objects. This 
allows for free communication between all active objects. 
This also allows new object types to be defined and added to 
the system without requiring that the existing object types 
be updated to use the new type. 

Each object has associated vith^a set of data files. 
For instance, object 210 is shown to have associated with it 
a data file 221, a data file 222 and a data file 223. Data 
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Figure 8 2 sS:ws the d>r> D a , k nr , 

pat " of a view when there is 

sr.apsha;, i n accordance a 

..... a p-e....... etbodia-nt of the 

present invention. 

Description of the Preferred E*bodi 3 ent 

figure 1 shows a ceoou*-*- is k. 

ccopu.e. 18 having a monitor )U, a 

Keyboard : 9 and a mouse 20. a portion of 



computer main 

w 9 to be wit 

Within computer cecory ia:n l 



memory 17 is shewn by a- a - ~ u> - . 

7 ,g _e within computer t8. 



is showr. an object sanaga Ien 

a n<2 an application 105. 

^ a??:iC3ti:ns to 105 store data usins 

o^ects. For instance, in Figure 2, a ? p:i :ation 1Q1 ls 

' hCVa ^ St ° red * usi ^ an eject 202, an object 

203, an object 20U . Rd an o6j9ct ?05 _ S i 0 llarly, 

application 105 is shown to have stored data in an object 
207, an object 208, an object 209 and an object 2,0. OMF 
'00 stores ir.foraation indicating which objects go with 
-hieh application. Objects which are associated with a 
^gle a ?P l ication are considered to be ^ ^ ^ 

type, or the sa«e class. For instance, object 202, 203, 20, 
-d 205 are of the saae class because each is associated 
-tth application 101. Slallarlv objects 207, 208. 209 and 
*10 are of the sa«e class because each is associated with 
application ,06. m objects of the sa*e class U3 e the sa.e 
application. When an .p P i lc .tion is being run by cc Q?u ter 
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children ar.i one or nrs parents. An ofcject is not 

allowed to teccae its own descender. t. 

Ir. Figure 3 is shewn an object 301, an object 302, a p. 
cSject 303, an object 30«, an object 305, an object 306, an 
object 307, an object 303 and an object 309. Objects 301- 
309 have links with reference nases which are numbers shown 
in parenthesis by each link. Object 301 has a link 310, 
with reference name "i", to object 302. Object 301 has a 
link jn, with reference r.ase "2", to object 303. Object 
302 has a li.-.k 312, with reference naoe "7", to object 30". 
Object 3C2 has a link 313, with reference name "8", to 
object 305. Object 30 3 has a link 31*, with reference name 
"i", to object 306. Object 303 has a link 315, with 
reference rase "U", to object 307. Object 30U has a link 
316, with reference name "1", to object 308. Object 305 has 
a link 317, with reference name "7", to object 308. Object 
306 has a link 318, with reference na«e "8", to object 309. 
Object 307 has a link 319, with reference name "9", to 
object 306. Object 307 has a link 320, with reference name 
"13", to object 309. Object 308 has a link 321, with 
reference naoe "1", to object 309. Object 308 has a link 
322, with reference naoe "3", to object 303. 

Object 301 is a parent of 302 and 30 3 - Object 3 0 3 is a 
child of object 30 l and of object 308. Each of objects 302- 
309 are descendents of object 301. Descendents of object 
303 are objects 306, 307 and 309. Object 309 has for 
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in data files 22 ,, 222 antf 2 2 3 are , n a ^.^ ^ ^ 

interpret*- by application 105. 

each otj-ct has associated with it a list of 
prcpe.-ti.s. Each property has a name and a value which aay 
b. accessed by specifying the r.ame. Ia addition, each class 
of objects ha 3 associated with it a list of properties that 
are co==on to all objects of that class. Tor instance, in 
Figure 2A, object 205 and application i 0 l are shown. Object 
205 has associated with it a property 231, a property 232, 
and a property 233. Application 1C1 has associated with it 
a property 131, a property 132 and a property 133. 

Property lists car. contain any number of properties. 
Each property value car. be from rere to 3,2762 bytes i r. 
length. Properties are used to store descriptive 
information about objects and classes, such as nan.es, 
cossenta and 30 on. 

Objects nay have references to other objects. These 
references are called links. LlnWa are dtrec tional: one 
object is called the parent, the other the child. Each li nk " 
has a reference name which la a number that Is assigned by 
the parent object to identify each of 1 ts. chi Idren . All of 
an object's children, its children's children, and so on are 
collectively called that object's dependents. Similarly, 
an object's parents, its parents' parents, and so on, are 
collectively called that object's ancestors. In the 
preferred embodiment of the present invention, an object 
which may be manipulated by a user, can have zero or sore 
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contains iir.es of text 5*1, lir.es cf text =12, a graphics 
figure 51?, a graphics figure 5^ ani spreadsheet data 515. 
As sh:w- in Figure 6, text and foraatting data is stored in 
an object 6M, graphics data for graphics figure 513 is 
store* ir. a r. object 6 1 2 , graphics data for graphics figure 
51* is stored in an object 6 1 3 and spreadsheet data 515 is 
stored in object 6lU. links that are used to build compound 
objects always have sore kind of data transTtr associated 
with the link and hence are called data links. In Figure 6 
is shown a data link 615, a data link 6 1 6 and a data link 
617. Ir. dccusent 510, data from object 6 1 2 f object 613 and 
object Siu are merely displayed, therefore data link 6 1 U f 
data link 6 T 5 and data link 616 are visual data links. In a 
visual data link, the parent will send requests to its child 
to display data within the parent's window. 

In Figure 7, an object 70:, which contains data for a 
first spreadsheet, is linked through data link 70U to an 
object 702, which contains data for a second spreadsheet, 
and is linked through data link 705 to an object 703, which 
contains data for a third spreadsheet. The first 
spreadsheet uses data froo the second spreadsheet and from 
the third spreadsheet. Since the first spreadsheet does 
more than merely display data froo the second and the third 
spreadsheets, data link 70U and data link 705 are called 
data-passing data links. 

OH? 100 does the "bookkeeping" when objects are copied 
or oailed. When an object is copied, OMF 1 00 makes copies 
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"'■«•■■*" •» ♦>.••«. 30...,,. 0 »..« 3 0 3 f „ 

*"" t8r ' »»• 3" 305. ,„< „ „. 

' C ' S C3n ^""icaliy sake and delete links to 

other o t e ^ < *j k « - * . 

....... , an 05Ject ;s deletedi om? ioo 

cs.C. lf ts . „ Jist has olh , r (trint>> ^ ^ 

and r,c:.i =irs ott ,.. 3t3rag , spa5e a3! , cla . ea uit)) 



object 



u 4 o. various purposes. For 

•» = ?le. fo-e.-s e . y 09 in t *. for* of object,. The 
childr.r. of OJects use, as fe ; dtPa Bay be QbJect3 

containing data for use w«*h a „ „ , . 

w. ... va.ioLs applications, or the 

objects cay t* other folder* r ; -„ rtt u „ 

er " .-6ure tt shews an example 

or the ,se of objects as folders. An object .01 (also 
called fclder « 0! ). ar. object .02 (also called- folder- .02), 
- object u =3 (also called folder , 03 > and an object «0. 
CI" -lied folder U 0 «) are use , a9 fold-p-> ^ 
contains an object ,05, used to contain data, an object .06, 
-ed to contain data, an object .07. used to contain data, 
ar.d folder ,02. Folder .02 contains an object .08, u ,ed to 
contain data, folder .03 and folder .0,. .Folder «o 3 
contains an object .09, used to contain data, and an object 
"10, used to contain data. Folder ,C contains an object 
«"'. used to contain data, an object .12, used to contain 
data and an object .13, used to contain data. 

A nrore sophisticated use of links is to construct 
co-pound objects. For instance in Figure 5, a docu.ent 5,0 
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162 through a new i in k ;65a. O-jec: 16U i 3 a co? v of 
objec: '6i. Link igja is a copy 0 f link 16]. 

In Figure 12 through Figure 7:, it is shown how objects 
are displayed to a user on asnitor \U. in Figure 12 a 
"NewWave Office- desktop is ,hov„ to include icons labelled 
as "File Drawer", "Waste Basket", "Diagnostic-, "Printers", 
"Star- and "My Folder". A user (not shown) has -anlpulated 
a cursor 73i, using keyboard 19 or mouse 20, to select "My 
Fclier" . 

Figure 13 shews how the objects displayed on Eonitcr 1U 
are linked. NewWave Office (shewn as an object 700) is the 
parent of "File Drawer" (shown as an object 701) through a 
link 711, cf "Waste Basket" (shewn as an object 702) through 
a link 712, of "Diagnostic" (shown as an object 703) through 
a link 713, of "Printers" (shown as an object 70«) through a 
link 7iu, of "My Folder" (shewn as an object 705) through a 
link 715 and of "Star- (shown as an object 706) through a 
link 716. 

In Figure itt, the user, using cursor 7 8 1 , has selected 
"Create a New..." ln a pull down menu 782. As a result of 
this selection a dialog box 779 appears as shown in Figure 
15. Using cursor 78 1 , the user has highlighted the Icon 
"Layout" and using keyboard 19 has typed in the name "Paste 
Up" as a name for a new object to be created. Cursor 781 
now points to a region labelled "OK". Once this region is 
selected, a new object titled "Paste Up" is created, as is 
shown in Figure 16. 
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of data files associated with the ccject. if the object 
b«ir, 5 ccpiec has children, CM? IOC also Bllces copies of the 
object's 3escer.de.nt3, and builds links between the new 
objects to give the r.ew cocpcund object the saae structure 
as the original . 

For instance. Figure 8 shows object 303, fro « Figure 3, 
and the descer.dents of object 3 03 . When OMF makes a copy of 
object 303, OKF copies each of object 308-s descendants and 
the links show- in Figure S. Figure 9 shews a copy of 
object 305. Object <03a is 3 copy of object 303. Object 
303a is a copy of object 3 C 3 . Object 306a is a copy of 
object 305. Object 307a is a copy of object 307. Ooject 
309a is a copy of object 309 . Lir.k 3 2la is a copy of lin* 
321. Link 322a i3 a cop/ flf lirk L . Rk ^ ^ 

of link 3 itt. Llr.k 315a is a copy of link 315. Link 3 l8a is 
a ccpy of link 3 , 9 . Link 3 i9a is a copy of link 3 '9. Link 
320a is a copy of link 320. 

In the preferred embodiment, the default behavior 
results in the copy of a parent's children when the parent 
la copied. However, when a child is designated as -public- 
it is not copied. Rather, a copy of the parent includes a 
link to the child. For Instance, in Figure 10, a parent 
object 161 is to be copied. Parent object 161 is u n ked to 
a child object 162 through a link 16 3 . Child object 162 is 
a public object. As shown in Figure 11, copying of parent 
object i5i results in new object 1 6 la being linked to object 
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I- F:g>jre 23, using c.rsor 75i, "Paste Up" (object, 7G?) 
is shewn Being dragged t: window 755. In Figure 2 !» , the 
process is complete and "Paste Up" (object 703) is row i - 
window « K y Folder". In Figure 25, "Paste Up", shown as 
object 703, is now a child of "My Folder" through link 728. 

The user seta up multiple links by using the Share 
command. This command is an extension of the clipboard 
-metaphor conmor. in software packages today for coving and 
copying data around the system. The clipboard is a special 
buffer that the systea uses to hold data that is in transit. 

Ir. one way, the Share coaxand operates similarly to the 
Cut or Copy coxaand described above. That is, using Share, 
Cut, or Ccpy, the user selects seme data first and then 
gives the Share command, which results in something being 
put on the clipboard. In the case of the Share comaand , 
however, what is put on the clipboard is neither the actual 
data nor a copy of the actual data. Instead, it is a link 
to the selected data. When this lir.k is pasted, a permanent 
connection is made between the original data and the 
location of the Paste. Through use of OMF 100, this link is 
used by the involved applications to provide easy access to 
the original data (in its full application) and automatic 
updating when the original data is modified. 

In Figure 26, the NewWave Office window has been 
activated. "Paste Up" (object 707) has been selected, as 
evidenced by "Paste Up" (object 707) being in inverse video. 
Using cursor 78i, "Share" from menu 783 is selected. In 
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Ir. Figure <7, -Paste Up" is ah0wn as aa QbJect ?Q7 

5 linked as a child o r Ns»«'av« ~t;,.- . u 

o. Ne-a/e -.fice through a link 717. 

The basic clipboard operations are Cut, Copy, a.-.d 
Paste. T,.e user C ust select the data that is to be coved or 
copied, and then give either the Cut coaxand or the Co P y 
cc«sar.d. Cut BO y, the selected data to the clipboard 
(dieting it rro 0 lts origiRal loe . tlor|) . Copy ^ ^ ^ 
or the selected data o, the clipboard. The user OU3 t then 
select tr.e location where he wants the data to be »oved or 
ccpied to, a,d give the Paste eo«,„d. This co.rand copies 
the contents of t:, clipboard to the selected location. 
" In Fi « urs 19 * user is shown to have selected "Paste 

UP". The selection is represented by the icon for "Paste 
^ OP- b.ing displayed using inverse video. With cursor 78,. 

the user selects "Copy" f„„ a pul , down „ enu rn 
Figure is* a Clipboard object 720 is shown to be a parent of 
an object 70S through a link 721. Object 708, is a copy of 
object 707 ("Paste Up"). 

A3 shown in Figure 19. next the uaer selects "Paste" 
frox pull down a e£ 7 8 3 . The result, shown In Figure 20, is 
the addition of a„ object 708, pointed to. by cursor 78,, 
s which is a copy of the original -Paste Up" object 707. 

In Figure 21, the new object is shown as object 708 
linked as a child of NewWave Office through a link 7,8. 

In Figure 22, "My Folder", has been opened by double 
clicking the icon for "My Folder" using cursor 781. The 
. result is a new window 785 representing "My Folder". 
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spreadsheet ccul- cause a graph to be re-drawn, and updated 
as a fii'-re in a docure.it. Ar.d since a- object can have 
cany parents, a single object can be used as "boiler plate" 
for any number of other objects. A change in 'the boiler 
Plate will te reflected in all the objects which have links 
to it. Automated data transfer is illustrated in the 
following discussion. 

In Figure 3C window 785 for "My Folder" has been 
closed. In Figure 3 1 , cursor 75l is used to select "Create 
a Sew..." froc pull down cer.j 732 . As a result of this 
selection dialog box 779 appears as shewn in Figure 32. 
Using cursor 73l, the icon HPText has been highlighted and 
using keyboard 1? tJje naae ..s an?le Tsxt - nas been type(j in 

as the r.ase for a new object to be created. Cursor 781 now 
points to a region labelled "CK". Once this region is 
selected, a new object titled "Sa=ple Text" is created, as 
is shown in Figure 33. 

In Figure 3", "Saaple Text" (object 709) la shown to be 
a child of NewWave Office through a link 719. In Figure 3»», 
since "My Folder" has been closed, "Paste Up" (object 708), 
link 72S and link 727 are not shown. However, these still 
exist, but are not currently visible to a user. 

In Figure 35, placing cursor 7 8 1 on the icon "Sacple 
Text" and double clicking a button on mouse 20 results in 
"Saaple Text" being opened. In Figure 36, an open window 
789 for "Sample Text" is shown. 
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Figure >*^, Clips, arc! = - 9CC 720 3 3 w~ u ~ f „ K 

U - i3 3...wr. to be a ?ar*n: cf 

-Fast, 7P" object 707 t-c, s h , i ; „ * 72J. 

!« fi««r. 27. v- jc , 7!5 »a S teen activated. r .„ , 
"'**"" 15 t». r, 3ult -, sh5wn t9 

" " U " " "S. .Wo 

that "Paste Up" (ob f e.^ 7 n 7 a 

P ^ot.e.. 707 ) i 3 3 harecl by window 7 8 5 and the 

NewWave Office window. in r- 2U re 2g4 

• -* ure 2e A, as a result of the 

paste, "?as-a r. D » _ w 

s-- LP n = - shew- to be both a child of 

Clipbca-d through link 722 an- a child of » My F3lder ., 

705 through a ' ; n w r?7 t _ . 

nk .2,. m Figure 29, showing just the 

interconnection of objects vis' hi- t- „ ►* 

vis. tie to the user, "Paste Up" 

(object 7C7) is shcwn tc io 

a eruld of "My Folder" 705 

through link 72'. no,.-- „ « , 

. e Paste Up" (object 707 ) is shared, 

not copied, "Paste Up" (obj»«» 70^1 

✓ ^ooj 7w»,j remains a child of 

NewWave Office through link 717. 

One key feature of data links is autonated data 
transfer. When a child object is 0P en and the user changes 
a Part of it which i, Shared out", then it makes a call to 
OMF 100. OMP 100 checks lf any of the object's parents 
"care" about this particular change. If they care and if 
they are also open, 0 MF 100 sends to the parents a message 
Informing the. that new data is available. The parent can 
then sen. messages to the child to produce or display the 
<ata. This feature allows the user to establish co 0 pound 
objects with complex data dependencies, and then have 
changes made to any sub-part be automatically reflected in 
other parts. For example, changing a number in a 
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7ht result is the opening^ display of "Star" (object 706) 
in a window 7 ? 6. Figure ijb s-vs t.^e use of cursor 73i to 
select selection "Ellipse" in a me.-.u window 79 7 which 
results i, the data within "Star" (object 706 ) being changed 
fro* a star to an ellipse. As shown ln Figure 51( the 
result is a change both in data displayed in window 796 and 
data displayed in region 7?5 of window 791. 

In Figure 52, cursor 73l is used to deTine a region 797 
in window 7?:. 1- Fisure 53f curs;)r 7S , . s u3ei fco seiect a 

select!;-. "Create a New..." n pull dewn ffleRU 7?g# As & 
result of this selection dialog box 799 appears in Figure. 
5".- Dialog box 799 contains icons for the two classes of 
objects available which are able to display'data in region 
797 of window 79'. Using cursor 78', the icon "HP Shape- 
has been highlighted. Using keyboard 19 the naae "New 
Shape- has been typed in as the nane for a new object to be 
created. Cursor 78 1 now points to a regions labelled "OK". 
Once this region is selected, a new object titled "New 
Shape" is created. Data for "New Shape" is displayed in 
region 797 of window 791 as is shown in Figure 55. In 
Figure 56, -New Shape", (object 750) is shown to be a child 
of "Paste Up". (object 707) through a link 760. 

In Figure 57 a window 800 for "New Shape" was opened by 
placing cursor 78 1 over region 797 of window 791 and 
clicking twice on a button on mouse 20. In Figure 58, 
cursor 78 1 is used to select the selection "Triangle" from a 
pull down aenu 801. The result, as shown ln Figure 59, is 
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has bee: 



Figure ^ ? a u * - -* ~ u - r * 

W ' 5 ' ro -" " ?a ^e UP" (Oject 70' 

* n s °" f.e icon, for "Paste 

y P"- I" figure 33, using Cursor 7Si. co, trolled h 

» ^■•'■roiied by mouse 

». a Portion 790 or t,e t5 , of - Saaple ^ ^ ^ 
selected. Tn . Portion in inverse vi.eo stating - Nev wave 
Office environment" l s portion 790. 

Figure 39, cursor 78 1 is u . 0(t h „ 

13 used to select the 

selection "£har»" in a -.,11 a 

" JH ^ aenu In Figure .0, 

" «r«» 79 3 in window 791 is sele~te< us-. 

e - te " usi.-.g cursor 7 8 1 . r 
Figure Hi, a selection »s as ^» «. 

S ' e * s "leeted from a pull dow 

URk ; d - -'^ C.>j.. t 707 ) an, dispUyed 790 lj 

• ... Pas.e Up" w iRd o W 7?1 . In Fig(jpe ^ 
Text" (object 7C9) < s a---- ♦ „ K 

<«J.« tot, t,-, J6 , . ;;nk T „. ,„ ri , ur . tl< iljplavej 

In Figure H, "Star" window ^3q , « „ , 

,39 . s closed 3(J di9playe;j text 

790 is clearly displayed. 

i«n "St..- into reglon 795 or 79 ,_ 

in Fl f ,r. .7, fPe . (Q6Je ; t ?o6) ^ ^ 

".Pl.Md in r. S i,„ 795 or wl „ ow 7 „, >a ^ ^ ^ 

(object 707) tnrough a li nk 7 26 . 

m ri« ar . , user pUcfd cupjop ?ti ^ 
tm ,r „ t „ aoa 79 , ,„< d „ bl . sllcll , a , 6uttan on >ou3< ?o 
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Include tMe data ldenf f fi C in<, B 

en. ...cation number given to OMF 100 by 

child 709. 

r- ««-. .o, ar „ 7S3 ln ainaow 7 „ i3 jeiectea ^ 

• Pull .... Becu : „ U51 „ S curjop 7<t _ ^ 

parent object 707 (-pj.t, n-« i 

Paste Up ) reque 3t3 OMF 100 for a UnW 

Baking his the parent of *hat is on „, « k 

V on clipboard 720. The new 

specification reeort * * '"t 

record for t «. t„. n cll„., rd „ 0 ,„„ cllll<1 

t« i. «pi.- r., u,, „, p>rent 707 jm 

^ Pl 5Ure .3 - Saople Text .. (oBJec[ ?09) ^ ^ ^ ^ 

th; " °' ,Jt " «»J«t 707) tnr.., h ltBk 7J9 . 

l» ri sur , „, t .„ 7 , 0 ia dl3plty><i in 

a «.l, to OH, ,oo. 3k:n8 «»„..„..,. b , „„ te 

«. «J.«, l4 .„ tlfl .< sy t», refer , ne . MM fer llnk 7JS 

»t. u« . loc>tlon „ ec;fle3 ty pjrent 

'07. 0« F ,00 lllc ., tBe pip(ne 707i jad3 ^ 
r ' COra f " 11011 ™" — « S . S . t0 „, 

m. =„. IB , mm Qf ^ m ^ ^ ^ 

P.r.nt 707 to OMF ,00 to oMl, 70, l, - 0I SPL AI_m». , 
rUr "" r 1" Append, B, .tt.ch.d hereto. 

Another .„„,., - p , IBT _ S L , VE . , , lJ0 d „ crlbi(1 [ ^ 
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In .diition. P . rtat 70: Eay 3end a „ CE7 _ slZ£ii ^ 

to child ofc 1§c k 7na r 

»r le.n.in.. . P . r . P .„ ce .... f „ ^ ^ ^ 
«..r ai „ t .. f0P , 4t>pUir> ow ioo tjktj ^ ^ ^ 

».«.. rr.. „,.„, 707 , aaas t „. 4it< la .„ unc J ion nuij>r 

fro. th, »,.„ S p, clric , ti0 „ r , cor< , for jiBk ? ^ ^ 

P»«t to: th. sl2 , ., th , portion of ^ speeifi<d 

P.r.nt 707 to „ <lf , t „. pe5lo „ reseryed 

r™. „„< ,„.».„ ehlld 709 !snot >6le t> scju ^ ^ 
t» m in eh . Peslon ,« clfle4 6y pjrjnt m _ 

<".«Y«. rro . . ahsl4 osject la mng alspla ^ 6y ^ 
.b,.«. „« th. CBlla 06J , et chansea the 3Iaola ^ 

«».. ». .hu, slJ . et . aetm .. 0KF , 00 that tftjre ^ 

a change in the data ahu^ r 

' ob J ect - For exaaple, as described 

above, in F**u-» a 7 -1 * 

".P1.M- 1. r.,l« 7,,., „„,.„,,,. a 

1. "«ur. ... . st . r . ,„,.„, „„ la , <f ? _ 

(obj.et 707) throu.h • link r 3 < 

«n link 726. sine. d.t. i, 6 . ln , p , 33 , a 

urn. .men ,„.!„„„ , vleu 3peclflcjfl<> „. 

I" «..r. «9, th. ..the e „. n41n8 aat , l0 sMl< 

o»J.« ro 6 i, .„..„. , U3 , r plieea euraop H) e ^ 

795 or „„,.. 7,, .„< , lUkl . lutiM on >oua> ^ 

in , . lMe . 7,6. U3ln , cup3pp ,,, to Mi§si Mlmim 
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"7". Since object 671 is a fold-r * n 

roider, there is no view, 

therefore the three bits wUhir . k , 

5 w - thin subcoluan 73" would be 



•0C0' 



0,J!tt s " • °< •••• "« «» . „,„.„.. .... 

reference name * 3 » . 

««". 79. ,„ ,„ tPy 737 a „ crl6ej ^ 
I- 1- «lu„ 7„ ., . atry TJT lh . p . ls ts , 

»»« " g .,7-. !n «.,„„„ 738 tttp . ls th> eBij< ^ 

«« i" «:.« 733 „ th . „.„.„«. „,„. .,. ob(e = t 

«» 1. • «.««.„. .„„ .,.„..„, thep , la , asso51ttea 
"-'» li« 6'9. ... tr.re, sle , witnl „ 3u0eoluon nt contjin 
»• t»r.. .„„. ,„ a T„i. .„. v . p . clfle . tlo . 



record 



Sl'H.rly. ,„ . ntry 73S a «„ rlb „ Unk 6 , 0 jnawn ^ 

75 ' T "" ln '3' «f ".tr, 73, th.r. 1, th. 

»»«»« »« •„.. „ eolu . n „, tBere i§ >2i> 

«< t. ...» 733 th.r. th. „ ((rlK1 „.., ^^^^ 
I. . ,!.» .,„ cl . t . d » lth u „ k 6 , 0i<tBt thrt< m ^ 

.u«n su »c« lu „ 73U contJ1 „ tRe tBfee bitj >no> ^ ^ 

TO U a view S5 eel fiction record. 

I" n..r. 30, »l.w 3 p.c.ric.tlo„ record 7.0 1, .„..„ t , 

3 ft.u „ hlcB conta: „ , data 1((illf , cm(s 
• ri. is 7«j wr.i=» ,«!,„„ „„.„,,. t| ,, rt is t 
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75 



50 
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snapshot used in the view, and a fltld 7 „ 3 wnlcn contain , 
miscellaneous Indorsation about the view. The data 
identification, nusber is used by the child object of the 
link, to deteriir.e what data is sent through the link. 

Figures 37 - » 3 show the establishment of a link with 
a view. as has been discussed before, in Figure 37 window 
791 for "Paste Up" (object 707) has been opened by doubie 
clicking on the Icon for "Paste Op-. m Figure 3 8, using 
Cursor 781, controlled by aouse 20, portion 790 of the text 
of -Sample Text" has beer, selected. The portion in Inverse 
video stating "New Wave Office environment" is portion 7 9 0. 

In Figure 39, cursor 78 1 is used to select the 
selection "Share" in a pull down menu 792. Once "Share" is 
selected, child object 709 ("Sample Text") creates a data 
Identification number which identifies portion 790 of the 
text to child object 7C9- Child object 709 also causes OMF 
100 to put a link to child object 709 on clipboard 720-- 
Child object 709 communicates to OMF 100 through command set 
forth in Appendix B , attached hereto--. Child object 709 
also informs OMF 100 what data Identification number la 
associated with the new link between the child 709 and 
clipboard 720. if there is a snapshot associated with the 
link, child 709 win also inform OMF 100 if there is a 
snapshot associated with the link. Snapshots are discussed 
more fully below. As a result OMF 100 will make an entry In 
HP OMF . X R F 603 for a link between clipboard 720 and child 
object 709. The view specification record for the link will 
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VS_TEXTDISK10< 



INITIALIZED 



20 



25 



20 



J5 



VS.VIEWCLASS 
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all 
The 
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Position in HPO=" ppp 
wnere a view « 75 

1 3 3* character 

;•««»! Oata ID is located 

* h t? " n - ai " ««ro if no 

?! fined b / child. The 

Jo- order five bits of t J. 
Position .re always 
ro and are thus not 

The hexadecimal number OF FF 

iIJ? f * ■* 3k which 
indicates which bits are 

U3ed for this bit field. 

Set if the view 

specification has been 
initi.li,. d . If el 

Information in the view 
specification is zero. 
„"* decia *l nuober 0000 
?0'f is a mask which 
ind cates which bits are 
used for this bit field. 

Reserved for future 
expansion. The hexadecimal 
number 0000 0008 is a a s ' 
which indicates which bits 
" re " sed this bit 

* iff i U , 

Specifies the view class 
the child assigned to the 
view. The view class 
de.ines what view methods 
are available to the 
P»rent. The hexadecimal 

which indicates which bits 
are used for this bit 
field. 



SO 



through a link 67U an-- * 

an. a parent of an object 673 through a 
link 675. Obieet w 

■ CCt 6 ' 2 haS 3 ta * "12-. Link 67< as a 

reference naoe » i « . Object 673 ha* a • 

- ofj nas a tag of "19". L inl{ 
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675 has a reference nase "7". Reference names are picked by 
the parent object ar.d need tc be unique for the particular 
parent object; however, other parents nay have a link with 
the same reference name provided each reference name is 
unique for each parent. 

Figure 79 shows a block diagram of HPOMF.XRF 60 3. 
HPOKF.XHF contains an entry for each link between parents 
. and children. In HPOMF.XRF 603 column 73 1 contains the tag 
of the parent for each link. Column 732 contains the tag of 
the child for each link. Column 733 contains the reference 
naae for each link. The first three bit positions of column 
733, shown in Figure 79 as sub-coluan 73", Indicate whether 
a view specification file record is present ("110") whether 
no view specification file record follows ("000") or whether 
the link is between is a link from the global parent to a 
global object ( " 1 00" ) . 

As may be seen, entry 735 is an entry which describes 
link 67U shown in Figure 77. That is, in column 73 1 of 
entry 735 there is the parent tag "6". m column 732 there 
is the child tag -12- and in column 733 there is the 
reference name "1". Since object 671 is a folder, there is 
no view, therefore the three bits within subcolumn 73« would 
be "000". 

Similarly, entry 736 is an entry which describes link 
675 shown in Figure 77. That is, in column 731 of entry 736 
there is the parent tag "6". In column 732 there is the 
child tag "ic» and in column 733 there is the reference name 
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records cannot be identified by the content within a view 
specification file record. HPOMF.XRF is increased in size 
16K bytes at a time. A newly allocated portion of HPOMF.XRF 
is filled with zeros. File records within HPOMF.XRF which 
are free or which define a link have the following fields 
li sted in Table 5 : 

Table 5 

ParentTag Contains the tag ( HPOMF .CAT 

record number) of the parent 
object of this link. If this 
field is 0, then this record 
does not define a link and is 
free. 

C " il<j7as Contains the tag of the child 

object of this link. If 
ParentTag in this record is 0, 
and this field is also 0, then 
no record beyond this record in 
HPOMF.XRF defines a link. 

PefNarae Contains the reference name that 

the parent has assigned to the 
link. This field is meaningless 
if ParentTag or ChildTag is 
zero. Otherwise, if the top 
three bits of this value are 
^^Q 9 the next record in the file 
is a view specification. 

File records within HPOMF.XRF which are view 
specification file records have the following fields listed 
in Table 5A: 



50 



55 



EP 0 497 022 Al 



Table 5A 



D a t a I d 



Snapshot 



Contains the value that the 

child has assigned to identify 

the part of Itself that is be-r 

viewed through the link. 

Contains the tag ( HPOMF. CAT 
record number) of the object 
which is the views snapshot, o 
if zero, the view has no 
snapshot. For further 
discussion of snapshots, see 
bel ow . 



Hisc 



Composed of several 
described below: 



bit fields 



VS_NE WD A T AS ET 



VS_NE WD A "A ANNOUNCED 



VS_SNAPSH0T0LD 



VS_WANTMESSACES 



Set if child has told OMF 
that new data is available 
but has not been announced 
to the parent. The 
hexadecimal number 8000 
0000 is a mask which 
Indicates which bits are 
used for this bit field. 

Set if child has told OMF 
to announce new data to 
parent, but parent was 
inactive and was not 
notified. The hexadecimal 
number UO00 0000 Is a mask 
which indicates which bits 
are used for this bit 
field . 

Set if child has told OMF 
that the view's snapshot is 
out-of-date. The 
hexadecimal number 2000 
0000 is a, mask which 
indicates which bits are 
used for this bit field. 

Set if child has told OMF 
that it wants to process 
view messages when snapshot 
is out-of-date. The 
hexadecimal number 1000 
0000 is a mask which 
indicates whicr. bits are 
used for this bit field. 
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Table U 

, ir thi a record defines 
an Installed class, otherwise 
this record is f Pe e and this 
rield is the record nuober of 
the next free record, or "0" if 
there are no more free records. 

li m th \ reC0M is "one of 

the other fields m the record 
Is aeaningful. 

ModuleF lleNane 

e Specifies the name of the 

application associated with 

objects of this class as a null. 

terminated string. 

properties Sa , H rt „ w 

specifies the number of 

Properties, the length of the 

Vn'lVoll l\V* ind the Nation 
in HPOMF.PRp of the object's 

properties. See the description 
of HPOMF.PRP below for fur^er" 
definition of the structure of 
this field. 

I" Figure 75, the relationship of HPOMF.CAT and 
HFOMP.CLS is shown. Within each object entry within 
HPOMF.CAT, the record number, which is an object's tag, 
"rves as an Identify 6 50 of data files in a mass storage 
-emory i 70 associated with the object. The field 
"Typelnciass" serves as an identifier 651 of the class entry 
in HPOHF.CLS, which identifies the class of each object. 
Within each class entry in HPOKF.CLS, the.field 
"ModuleFileName" serves as an Identifier 6 52 of the 

application file in mass storage memory , 70 which is 

associated with the class. 

In Figure 76, the organization of a portion of mas, 

"or... memory ,70 is shown. A root directory 660 contains 

Pointers to an HP.VWDATA directory 661 and HPNWPRCC directory 
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665. k?NW?ROC directory 568 is the location of storage for 
applications files, represented ty arrows 6 59 . HP.VWDATA 
contains a plurality of HPOMFddd directories, represented by 
directories 662, 663, 66U, 665 and 666. In the HPOMFddd 
directories are stored data files associated with objects. 
The "ddd" in HPOMFddd stands for a three digit, leading 
zeros, hexadecimal number. Each HPOMFddd directory has a 
different "ddd" hexadecimal number. The "ddd" number 
Indicates which HPOMFddd directory stores data files for a 
particular object. Data files for a particular object are 
stored in the HPOMFddd directory which has a "ddd" number 
equal to the tag for the object divided by an integer 
number, e.g., fifty four. Within each HPOMFddd directory, 
files are stored by tag numbers, e.g. data file names have 
the format xxxxxxxx . 1 1 1 , where "xxxxxxxx" Is an eight digit 
leading zeros hexadecimal tag, and "HI" are a reference 
chosen by the application. 

System file 603, HPOMF.XRF is also referred to as 
SYSXRSF. This file la a list of all the links existing In 
the system. It Is record oriented, but does not have a 
header record. Each record file Is either free, or defines 
an existing link, or is used as an overflow record from the 
previous record to specify additional view specification 
information. Records that contain view specifications are 
called view specification file records. View specification 
file records can be identified only by a previous record 
which defines an existing data link; view specification file 
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Table Z 

Is "-!" if this record defir.es 
an object, otherwise this recor 
is free and this field is the 
record nucber of the next free 
record, or "0" if there are no 
core free records. If the 
record is free, none of the 
other fields in the record is 
meani ngf ul . 

Speci fies the class of this 
object. This is the number of 
the record in HPOHF.CLS that 
indicates to which class the 
object belongs (see discussion 
of class above ) . 

Specifies if the object is 
global if the bit masked by the 
rubber 20 (hexadecimal) is set 
in this byte. In the preferred 
embodiment all other bit 
positions must contain n 0" and 
are not used. 

properties Specifies the number of 

properties, the length of the 
property names and the location 
in HPOMF.PRP of the object's 
properties. See the description 
of HPOMF.PRP below for further 
definition of the structure of 
this field. 

fastprops Certain object properties, such 

as name, are so heavily accessed 
that they are stored directly in 
this field, rather than 
indirectly in^the properties 
file. Properties stored in this 
field are called "fast 
prope r ti es . " 



System file 602, HPOMF.CLS is also referred to as 
SYSCLASS. This system file is a list of all installed 
classes in the system. It is record oriented. The first 
record, numbered 0, is a header which contains various 
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'ree-r.tj 



TypelnClass 



SysCatFiacs 
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signatures (see above ) ant 



:s use 



t to oarage a list of 



free 



records. All ether re::ris eitner iefir.e an installed class 
or are free. In the preferred embodiment HPOMF.CLS can grow 
dynaaically , but cannot shrink. 

Each file record in HPOMF.CLS is thirty-two bytes in 
length. HPOMF.CLS file record 0 (trie header) contains the 
following fields listed in Table 3: 



Table 3 



IF: rst" reeEntry 



Contains the record number of 
the first free record in 
HPCMF.CLS, or "0" if there are 
no free records . 



File 



Contains the null terminated 
string "HPOMF.CLS" 



Version 



Contains the file format version 
nua be r . 



IMaxPecord Number 



Contains the number of the 
highest record ever allocated 
from within HPOMF.CLS (this 
highest record may or may not be 
free). 



Table u t below, contains the fields for file records in 
HPOMF.CLS for file records other than file record 0: 
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M " P " =sri ' : "•*'•■»* sy.t.. m „ 6o,. 

" f " " * " u 6 «" «« lafor ., ti „. 

5/.t.. ni„ fo.. 5 or p,o, lae .„ f . r .. ll011 a6cut clj3jes of 

.bj..t. a, „„at applica .. i3n 13 a „ ocllted vitft eacj 

= 1*3, or eject,, v,at <„n r S p, es „ :s „„..„, of . 

particular class and l'^a's of uh><. 

1-3.3 of what usages (auch as those 

s»o»r. in Figure 2) can be processed by object, of a 
P-ti= u : 3r class. Systen files 6,t-607 also COntain 
inform, on about links between p a , e ,t and child objects 

inClUdiOS S ° f P ™ a - „ ao es of each i in 

fro. a parent for each object: a list of children and 
reference „..., of each lin, to a child for each object- a- 
actional information to E anage data exchange across data 

link! ' .X.t.. files 60,-607 contain general 

information such as what fll „ are in3talled ln ^ 

operating syste, for each class that is installed, and what 
objects have rented autoaatlc restart when the OMF ,00 is 



restarted , 



I" tn. pr.r.rr.c „bo,t..« of t „. PP .,. Bt lBV «„ Ut ,„ 
• r.... rti. 60, », t0 a3 „ 0Hf . c . T> ayatea fu# 

1. r.r.rr.d to HPOHr.CLS. ...... file 6o3 l3 ^ 

.*«.. ni. 6o 5 i, P , f , rre4 t0 „ IIWiIH) systM nu 

" r8r "-" <° » HP0MF.S0F .„c fU. 607 t , r „. rr . a 
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that a triable is now display,, be t h in window g oc anC iR 
region 79 7 of window •> o ; . 

In Figure 60, win.'ow 900 has 5ee , clcsec;i Jn 
6'. "New sh a? e- is aelected by placing cursor 73 i over 
region 7 5 7 of window 7 9 5 , and clicking a button on Bi , 5e 20 
In Figure 62. cursor 73, ia use d to select selection -Share' 

froa pull down cenu 79*. * n r.- u _. fi , 

-a t.gure 63, cursor 78 1 is used 

to select a region 802 of window 79: Tn F <„ £1 

• 1(1 Figure 6 tt , cursor 

75' is used to select selection "Past-" ' Poe au1 , „ 

« = .roe pull down menu 

79U ' rS5Jlt ' 33 ^ *» ^ 13 th. sharing or 

"New s,a;e» wi da,a Tree -H. Shape" teing displayed in 
region 757 and in region 802 of window 791. In Figure 66, 

"'^ Sha ° S " ( ° tjeCt ?50) iS — ^ have an additional lin* 
770, rrc= its parent "Paste Up- (object 707). 

in Figur. 67, region 7 97 ha3 bttn sel „ te , using 
731. Cursor 78, is then used to select selection "Cut- fro. 
Pull down C eru 79*. The result, as seen in Figure 68, is 
that region 73l ha, been reeved froo, , lndow 791 . In Figure 
69, cursor 78i is used to select selection Pa 3 te" fro. pull- 
down aer.u 78 3 . The result, shown in Figure 70> l9 an lcon 
Tor -New Shape", pointed to by cursor 78,.. Ia Flgure n> 
"Hew Shape (object 750) i, sn0 wn to now be a child of 
NewWave Office (object ,00), through a link 780. 

In Figure 72, 0MF ,00 is shown to contain seven syste. 
Tiles: systea file 60,, systea file 602, syste. file 603, 
3 y 3 te a file 63«, system file 605, systea file 606 and syst, 
Hie 607 . OMF interface 599 serves as interface of 0KF to 
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global object, ls a , e5 .:e.n-e.nt of global object. Although 
Figu-e 7« snows only 3i x global ejects, the number of 
global objects operating on a system is a .ratter of system 
configuration. Any object in the system can refer to a 
global object b y \ U5iP . g th€ reference nane of ^ 

that global object from the global parent. 

As may be seen from Figure 73, file records in 

HPOMF.CAT are numbered consecutively. These numbers serve 

as tags, which identify each object. 

In the preferred e=b,cl:„nt of the present invention, 

each record is , 28 bytes i ., length. The fields for file 

record 0 are listed in Table 1 below: 



'able 1 



IFirstFreeEntry Contains the record number of 

the first free record in 
HP OK? .CAT, or "0" if there are 
no free reco rd 3 . 



r i 1 e T d ~ 

Contains the null terminated 

string "KPOMF.CAT". This serves 
as a signature. 

V€rSi ° n Contains the file format version 

number, which also serves as a 
signature. 

lHaxRecordNumber Contains the number of th. 

highest record, ever allocated 
from within HPOMF .CAT (this 
highest record may or may not be 
free ) . 

Table 2, below, contains the fields for file records in 
OMF .CAT for file records other than file record 0: 
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to as KPCMr ICO.NWt . a «.«--•• et«i- n * 

-.s...ptio.. o.' each systea file is 

no-- given. 

S/>--« me 60,, spo«r.c»:, u ,;„ r , flrr)1 t0 a3 

in the systea. In Figure 7? KPPur r ,. . 

r-sure / _ , Mr'uMr.CAi 13 shewn t 0 be 

0P4,n? ^- HPO.-.CAT has a plurality of Tile records 
In Figure 7 3 . Tile record 0 through Tile record 8 are shown 

llthe ' J|h H?0KF - C ^ «y contain = any D3re rile records than 
are shown in Fi5ar , ?3 . q ^ ^ 

cental.,, various slcna . ur „ , n , is , jse , to fflanage a ^ 
free file records. A signature is S0De knawR value which 
Present indicates that the file is net corrupted. Fil . 
-cord , through file r . C0P(! 8 , Bi adiiti , nal m# 
(not , h0 w„, eit ,er define, an existing object, or are free. 

In the preferred esood •' s«n* hsomt .-it 

I - n ' H.OK.-.vAT can grow dynaaically, 

*3 «ore file records are needed, out cannot shrink. 

File record i defines a special object called the 
global parent. The global parent ha, a for, different than 
every other object, and oay be regarded a, a -pseudo" 
object. Figure 7U 3 how 3 the global parent to be the parent 
of global object 250 through u nk 260, global object 251 
through link 261, global object 252 through link 262, global 
object 253 through link 26 3 , global object 2 5 U through link 
264 and global object 255 through link 265, as shown. 
Global objects 250-255 are also within HPOMF . C AT . Each 
global object 250-255 may be a parent of one or core objects 
in HPOMF. CAT. Each object in HP 0MF .CAT which is not a 
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in a »e.-.u window 7 9 7 result, ln th . h a » 

- - 3 in cne data v i t M n 

r-gu.e 5i, the read- Is a - h 

A " 13 * cf »»n«e both in data 

• 5Pia/ed la 796 and data dl 3p i ayed ln , 

window 791 . y l " reSi0 " 795 ^ 

that data a33oclatcd ^ ^ 

r;:: icauon — — - 

o"rioo 10 . k . upallof the uak3 tha . uM ^ ^ 

identification nutber. t th. „. 

I. the parent object of any of the 

is not active, OMF 100 3e ts the bit 
VS_NEW'DATAANNOUNCtD for that ln HP0MF . XRp . ^ ^ 

— Object i9 aerated, the parent object can then 
r, '"'» '•■>« nt» dat«. 

« «. ».r.« o.J.ct l,. etlv ., 0Hr , 00 „ ul 3>()a t 

«. „. siJ . ot 

— .... of th . llnk fop rtu|1 there ^ aaaitionji 
<«•• TK. „ r „ t aSJ .„ , <e3sjge ^ s 

» » ».«. ... n,„ .... In (ht pp<aent cjjs 

i.r.,l«T„ .,.,,„„,„. lfuru , r 

description of the View c.,.mi ». 

* ,v Specifications are found in 

Appendixes a, c and D> 

». .«»..,.,. or tB . pres „ t lnyention ia 

TOT 1, .„. to co „. unicate yltR cMia otject 
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TS * '*'•" " J «= : »••««» «>. a., „„„, t „. 

reference naoe of the M * tr tw. ^hi.. 

»« »t«i J«. «». = , l4 .n« lflc . tl . n nu . 6 , p of tftf 

0"' 'oo <„, .„ tB . lr .„ ltel „ „„ ldlntlflc . itloii af ^ 

links ana which otj.cts ar. lr.»,l» ei . 

»»«« fll. 60., ls r , firrrt ^ m 

STSMor. H,0„ F .,, P ..„..„, . u 06Jeet ^ 

»r.p.r,I„ .,„„ far f ., t obJtct pr<>#rtlM wMch 

contained in H P OMF .CAT. Each p.-*..,* . 

Each record in system file 601 

(HP0MF.CA?) and system file 6C2 (HPOMF CLS) ha, , 

i.wnr.uL^/ naa a properties 

field, as described above. Each prope-tles fi.i„ 

vape.ties field contains 

tf-e fields described in Table 6 below: 



Table 6 

DiTDisKLoc Contains the position (byte 

offset) within HPOMF. PRP of the 
Property list directory. 

nPropj „ „ . 

Contains the number of 

?h!T!" U !! 10 th# list. 
This is the number of entries in 
the directory entry array 
described below. 



PoolSi ze 



Contains the combined length of 
»11 the names of the properties 
in the property list, including 
* null-terminating byte for e »ch 
name. This 1, the sire of the 
directory name pool described 
below. 



«J.«t or that cl.». Th, dlr.et.r, t.o ., Jor 



/ 

EP 0 497 022 A 1 



Pc-:ior.s: the entrv array * 0 ii nu * K 

y cne nas| e Pool . The 

entry array has en, ent-y for 

for each property in tne propepty 

E3Ch ""^^ out in T , 5U 7 below; 

Table 7 

Specifiea the length tn bytes of 

associated property! X ? f 
ValueLen l 3 2ero , this is also 
"ro, .nd there 1, no vii ue ° 
stored anywhere. 

This field Is only U9t( . a . 



ValueLen 



ValueDiakLoc 



CachaOf fsei 



" ,m " , "" ,:imi " „. .... , oel . 

— P«P.«, ll3t .,, t „ aj ( 

— r Pr . p « rtlsa „ y lnclud< sucb ^ ^ ^ • 

user comaenta. <j a *» • „ ( ^ ' 

an- tl.e of creation, the user who 
created the object • * 

J k ' ete ' For "or. information on 
Properties, see Appendix D. 

f /' 0H '-"'«'"—«Ur ....... 

- » tr... Tb „. . asej la .., llt , lr fouow ^ 

an 4rpl y 0 ^ Kerds with tht, .oat 

significant bit c** *a/%K 

o. each word used first. Thus, bits 15 

through 0 of t^- r<~ m * 

the f.rst word of the bitmap control the 

allocation of pages 0 through 15 of the *M , . 

' tne -He. respectively. 
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When storage in the r i r « * m-n 

8 w..t ,irjt 10^ page3 i3 insufficient, a 

SSCOnd bit8a? 13 t0 -'il. following page i 023 . 

Thl, bitaap control, the allocation of pages i 02 « through 
20U7, which Mediately follow the second bit*ap. 
Additional bit„ ? , and page, are added in the ,a B e way, a, 



needed 



Each directory and property value is stored as a single 
Hoc, in the file, i.e., a, a contiguous run of pages that 
are all allocated in the saae MUap. This causes the 
restriction that no directory or value can exceed 3 2fC bytes 
( 102H time, 32) in length. 

Systex file 605, HP0H.r. IMS , l3 alsQ p , f , pptd t<) ^ 

S?SINSTL - HP ^- INS < — ' ■ or the files that were 

copied to the systea when each class was Installed. This 
information is used so that these rile, can be deleted when 
the class is de-installed. 

Tht very beginning or HPOKF.IMS i, a double word value 
which serves as a va 1 i di t y/ v e r s i on identifier. I„ the 
preferred eabodi.ent the value of this double word aust be 

0101ABCD hex to be valid. In Table 8 tM . 

in Taoie a, this number is stored 

» shown because or the protocols for storage in the 
particular processor used by the prererre.d ea.bodi.ent. i.e. 
an 80286 aicroproc.ssor »ade by Intel Corporation. 

Following tn . double wopd eoffle9 a 9epie9 ef vaplabie 

length records. There is one record ror each Installed 
class. The first word or each record is the length or the 
rest of the record, in bytes. This i, followed by the null. 
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the r< ciaaa. Then follow, 

cr -« file naaes or t*e fn„ „ 

<--e riles copied t 0 the amp 

•»-h '.eramated by a null Dvte 

d pr «> e ^<l by a byte w h , ch 

— - or , h< me na5e , lnclad<ng the x 

-11 t. p . lnltor . rf tha nl - ns the 

— character*- the r- a " b€8lnS ^ 

• ni. 13 aa.uaed to be located « 

HPNWPROG directory If th r *" 

y ' If the f H« na»e begins with th. 
»P«ci.i character the * tht 

fU. la a 33UB ed to be located , 

HP N WD A T A directory. 

For example, a 3JUBe two cla, 3ea a - , 
•A- and e , Stalled: el... 

CUSS " C "'- «... " A B " caused two rile, to b 
stalled: - Z . t0 HPNWpRQC " >• 

H'^DATA directory C l 

'* CU3S " CDE " l file to be 

installed* "Ywri 



offset 



Table 8 



content 



? CD A B 01 oi F ., comaenta 

Length of AB record ( 12 
6 I,, U2 00 decimal) 

Length of length byte ». 2 

Null 



5 \\ 5A 00 * Mull 



n 



1 * ■"«■...» 

Length of CDE record do 
18 06 " 5 00 "CDE- ♦ Null 

" ^ 53 58 53 00 ..^V, „„„ 
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System File 606, KPOMF.SDF la also referred to as the 
-shutdown file". KPCHF.SDF exists only when the system has 
been cleanly shut down. It is deleted as the systes starts, 
and created as it shuts down. On startup, if this file is 
missing, OMF assumes that the last session ended abnormally, 
and so it goes through its crash recovery procedures to 
validate and repair the system files as best it can. The 
system files can be in an invalid but predictable state on a 
crash. These errors are corrected without user 
1 ntervent icr. . Certain other Winds of file consistency 
errors are detected, but are not really possible from an 
"ordinary" system crash. These errors are in general not 
correctable and the OMF will not allow the system to come up 
in this case . 

If KPOMF.SDF is present, it contains a list of objects. 
When the system is being shut down normally, each object 
which is active at the time can request that the OMF restart 
them when the system is restarted. The list of objects, 
then is the list of tags of objects which have requested 
that they be restarted when the system is restarted. 

The first word in HPOMF.SDF is a flag word. If this 
word is non-zero, OMF will execute its crash recovery code 
ever, though HPOMF.SDF exists. Normal shutdown will set this 
flag when producing the file if some serious error occurred 
in the session being ended. 

After the first word, the rest of the file is a 
sequence of three byte records. The first two bytes of each 
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record contain the tag of the object to be restored. The 
least significant byte is first. The third byte is not use 
in the preferred embodiment, and is zero. 

For example, if the system is shut down cleanly in th 
last session and two objects, having tags of 2 and 7, 
respectively, have requested restart, the contents of 
HP OMF . SDF will be as set out in Table 9 below. 

Table 9 

offset content 



comments 

0 00 00 Indicates no crash recovery 

needed 

Tag of first object to restart 
Unused and reserved 
Tag of second object to restar 
Unused and reserved 



2 02 00 

* 00 

5 07 00 

7 00 



System file 7, H ? OMF I CO . NWE , i3 a Microsoft Windows 
dynamic library executable file which contains a dummy entry 
point and no data. Microsoft Windows is a program sold by 
Microsoft Corporation, having a business address at 16011 NE 
36th Way, Redmond, WA 98073-9717. HPCMFICO.NWE also 
contains as "resources" the icons of each installed class. 
OMF modifies HP0MFIC0.NWE directly during run time, and 
loads and unloads it to get the icon resources from it. The 
format of HPOMFICO.KWE is defined in Microsoft Window, 
documentation distributed by Microsoft Corporation. 

Normally working with a view (see discussion on views 
above) causes a child's application to be Invoked. Where 
large applications are involved, this can cause a lot of 
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unn.c.s S .ry overhead The use or snapshots ai l0 w this 
overhead to be elieir.ated. 

A 3»P3hot 1 S an eject that uses executable code fro, 
a separate library referred to a, a .y„ ialc acce9s llbpary 
(or DAL) rather than u 3 l„ ? the full app llca t lon « xecu t a61e 
code. The on 1 y da ta rile associated with a snapshot 
contain, data which l. to be sent fro, a chlla obJect 
parent object. The code which encapsulates the data file 
although referred to as a dynamic library, is , tlll atored 
in directory HPOMFPROC (directory 668). 

For exa.ple, Figure 8l JhflB1 , paptnt ^ 
to a child object 502 through a lln* 5 0«. Associated with 
iinw 50, 13 a-snapshot 5 0 3 . Once child object has designated 
snapshot 50 3 in a view specification record for "link 50U, 
•n.pahot 503 is able to provide data fro B child object 502 
to parent 50, without the necessity of invoking an 
application associated with child object 502. 

As ,,own in Figure 82 , vhen thepe t> no 9napshotf 

object 502 B ust be active in order to send view data 522 to 
Parent object 501, ln order for pareRfc obJect ^ ^ 

view data 522 in a window display 52,. Xa Flgure 83? 
however, snapshot 50 3 is shown to provide, view data 522 to 
parent object s^ without the necessity of child 502 being 
active. father implementation details of snapshots are 
Siven is Appendix B , Appendix C and Appendix D . 

Appendix A is a list of major data structures within 

OMF 100. 
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Present invention. 
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" ' ronaent = Progran Design 
Exa» Pl e 3 ) cive 3 exaaples of new th . n , " 

n <=" the preferred eaoodiaent of 
the present invention may be t»m 

be i»ple«ented. including detail as 
to how OMF ioo allows data to be viewed ' h„ ft 

8 vlew «d between windows 

displayed on monitor 1U. 

Appendix D (Chapter 2 of ?r n „ 

of Progra» ffl er' 3 Guide) gives a 
further overview of t-h, „...,<■ 

t... pr. f . rr . d ,. i0<llamat of the present 

-v.„ tion . furtMr aetasl as ta tti operJtlon of the 
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Claims 
1. 



TJT* k r U ' e<3 COmpU,ef SyS,6m com P flsin 9 * network of workstations and means for 
ran sm ,tt,ng ob.ects between workstat.ons characterised by ob.ects including a first object type for 
stonng data ano a second ob,ect type for presentmg data to a user, where.n objects of the second type 

o a cr/rJ a %T t nV^ C,a,ed f °? eC ( t °' ' irSt tVPe " V - S) t0 en3ble a °* users °» ^stations 

S~ 3 r, h J !yPe - COmprisin 9 means f °' transmmmg an object of the second 

TS l h y :°' ksmons ,hereby to crea,e a to the associated ob,ect of the firs, type 

tV-si for each workstation receiving an cbiect of the second type. 

2. A system accordmg to cla.m . comonsing means for cooy.ng an object of the second type (V-c) 
cetween workstations. yk ' 
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A system according to claim i 0 r claim 2 wherein transm.ttPrt «h.^.. . 

an ,oen I „ier ,60, for the associated oc.ect ol the first ly p e T s ^ ' ° ,6C0nd ,yPS ,V ' c " nc,uM 
A system according to any preceding claim * the form of a conference .„..«„, rnm 

.. s , „ M 1V .„ sraf e C8a „ 06iec , s „, ,„ e setona , yce lv . ci are ,; d ~ 
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